Background Many techniques for the surgical treatment of gynaecomastia have been reported to be effective with reasonable limited scar formation. The aim of this study was to develop a grade adopted algorithm for effective and scar sparing techniques in reconstruction of the male breast dependent on aetiology and grading. Methods Operative techniques, results, rates of revisions and complications were recorded between 2006 and 2018 and results of 164 male patients were analysed, retrospectively. Skin resecting methods have been used in the earlier stage but were later replaced by minimal periareolar incisions and subcutaneous mastectomy. Resections were combined with ultrasound-assisted liposuction up to grade 2b and inferior pedicled breast reduction in 3rd degree gynaecomastias resulting in reduction of scars and effective removal of breast tissue.
Introduction
The restoration of gender conformity of the chest wall is the fundamental desire of the male patient and the fundamental goal in treatment of gynaecomastia.
Shaping of the body is a rising issue for men and includes breast reduction procedures besides liposuction and facial surgery. The number of surgical treatments of gynaecomastias and pseudogynaecomastias has increased by more than 30% in the last 17 years [1] . Breast reduction has become one of the top 5 procedures in plastic surgery over the last decade [1] .
Gynaecomastia and pseudogynaecomastia are two entities of increasing male breast volume with or without skin excess and may occur bi-or unilaterally. Typically, the first episode in life comes along with a high prevalence of gynaecomastia in up to 90% of neonates [2] . The following decades show two peaks for adolescents and elderly men with a range of prevalences from 50 to 70% [3] [4] [5] [6] [7] [8] [9] .
Previous studies indicated that there was no correlation between gynaecomastia and breast cancer. Incidences vary from 0.5-1.5% in men with gynaecomastia [10] [11] [12] . Since an unexpected growth of tissue is always suspect to arise from a malignant tumour, clinical examination, detailed history and imaging are mandatory for any diagnosis. If the clinical appearance is not suspect for cancer, different therapeutic options can be chosen. For patients with a history shorter than 6 months, a watchful wait-and-see strategy should be the first choice. Depending on its trigger medical treatment may be indicated and lead to successful reduction of breast volume by correcting hormonal disarrangements or blocking proliferative pathways in florid tissue [13, 14] . Recently, published data showed a high effectiveness for tamoxifen with moderate side effects [15] . However, this approach will not work in fibrotic tissue and thus may not be applicable in many cases.
Surgery has been shown to be an effective and well accepted treatment for gynaecomastia persisting over 6-12 months without signs of regression. Over the last decades, multiple classifications and techniques have been developed with more or less distinct advantages. Until today no evidence-based algorithm exists for the surgical treatment. However, a stagebased approach is widely accepted. In 1944, Webster offered a classification in relation to the tissue characteristics [16] . Including the pseudogynaecomastia with pure fat two other subtypes had to be differentiated in mixed fat and glandular tissue and an all glandular hypertrophy. A more adaptive system was introduced in 1973 by Simon that is preferred and used by us [17] . The first degree is a non-visible but palpable enriched glandula, which may be painful during palpation. The next degree is separated in 2a and 2b with an obvious but moderate hypertrophy of breast tissue without (grade 2a) or with (grade 2b) skin excess. A feminine appearance with a lot of excessive skin, formation of a submammary fold and ptotic breast is summarised as third degree gynaecomastia ( Fig. 1 ).
With this study, we present our results of the last 12 years, showing an evolution of surgical management avoiding complications and reducing the role of secondary surgery. We suggest a distinct algorithm for the surgical treatment of gynaecomastia and pseudogynaecomastia to reach the basic goal of scar sparing and effective restoration of a gender matching phenotype (Fig. 1 ).
Material and methods
Patient records and images from the clinical database were evaluated between the years 2006 and 2018. A total of 164 patients have been treated for gynaecomastias from grade I to III according to the grading of Simon. Patient records included the first consultations, operation reports, discharge letters and notes of postoperative check-ups. Patients were called in 6 weeks postoperatively for a clinical re-evaluation and for photographic documentation. To detect changes of the internal protocol a separation into three timeframes of 4 years each was done.
The study was approved by the clinical ethics committee of the Hannover Medical School (No. 8191_BO_K_2018). The inclusion of the subjects was done by a retrospective retrievement from the clinical database without any possible influences and invasiveness of the subjects. Data were analysed anonymously. Informed consent for the use of data and photographs for scientific purposes was given by each patient. The study conforms to the provisions in accordance with the Helsinki Declaration (revised in 2013).
Operative strategy
For gynaecomastia grade 1 and 2a according to Simon we used the subcutaneous mastectomy (SCM) approaching through the semilunar incision in every case. Since ultrasound-assisted liposuction was introduced in 2005 liposuction was used routinely for additional contouring or in cases of pseudogynaecomastia. Larger amounts of skin excess as they could be found in 2b grades were initially treated by periareolar pexies (PAP), in the first period. Breast reductions of 3rd degree gynaecomastias have been treated by classical approaches with resulting inverted t-scars in the beginning and were later replaced by the inferior pedicled technique after Kornstein [18] .
Surgical technique
An infiltration of tumescence solution consisting of 20 ml bicarbonate, 1 mg adrenaline in 1000 ml sodium was performed in every subcutaneous mastectomy. In grades 1-2b we approached the gland through a semilunar incision at the lower areola margin to preserve the aesthetic unity of the nipple-areola complex (NAC) and ensure an inconspicuous placement of the scar (Fig. 2 ). By this approach the Cooper-ligaments can be released by palpation and a stepwise preparation with a scissor or bipolar scissor to the pectoral fascia is allowed. The gland is held by a Kocher-Clamp until the mobilisation is completed circumferentially and an extirpation in toto is possible. To prevent aesthetically unpleasing retraction of the areola a proper disc underneath the areola has to be preserved. Since the tissue of gynaecomastias often is a mixture of fibrotic gland and subcutaneous fat a combination of subcutaneous mastectomy and ultrasound-assisted liposuction was performed routinely ( Fig. 3 ). For ultrasound-assisted liposuction (UAL) Sonoca ® 400 from Soering (Sonoca ® 400, Soering, Quickborn, Germany) with a frequency of 25 kHz and a suction of 0.6 bar were applied using hollow titanium cannulas of 3.3 mm for contouring or 4.5 mm for deep layered fat and re-movement of higher volume. Suctions drains were placed in every case.
Skin excising techniques have been reserved for 2b and 3rd degree gynaecomastias and for cases with a high amount of skin excess, as they can be seen in post-bariatric patients. Concentric or eccentric excision, resecting periareolar skin using the technique of Huang and Benelli [19, 20] were performed for 2bdegree gynaecomastias or persisting skin excess after subcutaneous mastectomy in the earlier stage ( Fig. 7) . In 3rd degree gynaecomastias and pseudogynaecomastias, we used an inverted t-scar approach with a superomedial pedicle for the nipple-areola complex (NAC) but replaced this technique by the NAC bearing inferior pedicle with a single scar in the submammary fold (Figs. 4, 5, 6, and 7). After de-epithelialisation of the pedicle a superior incision allowed broad access to remove excessive breast tissue and skin. A wide base of the pedicle about 8-10 cm has been preserved, allowing a sufficient thinning of up to 0.5 cm without compromising the NAC's perfusion (Fig. 4 ). The pedicle was fixed to the chest wall using some resorbable sutures. The reinsertion of the NAC followed the Mohrenheimestimated-tangential-tracking-line (METT-Line) using a vertical line from the notch of Mohrenheim as a lateral margin of the areola, placing it 4-4.5 cm above the resulting submammary fold (Figs. 5 and 6) [21] .
Statistical tools
Microsoft Office Excel 2010 (Microsoft Corp, Redmond, WA) was used for data collection as well as for descriptive statistical analysis.
Results
Research of all male patients undergoing a mastectomy, breast reduction and liposuction of the chest wall between 2006 and 2018 were reviewed. In 12 years 164 consecutive patients were treated for gynaecomastia in the Department of Plastic, Aesthetic, Hand and Reconstructive Surgery of the Hannover Medical School. A total of 297 male breasts included 133 bilateral und 31 unilateral gynaecomastias and pseudogynaecomastias. Patient ages ranged from 13a to 69a (mean 25.6a).
As mentioned before, a separation of three groups was made due to technical changes and ongoing improvement of postoperative results.
Group 1 from March 2006 to March 2010 included 54 patients. Grades I and IIa after Simon were treated with subcutaneous mastectomy (SCM) with (n = 21/39%) or without ultrasound-assisted (UA) liposuction (n = 19/35%). Gynaecomastias with skin excess grading of IIb after Simon were routinely operated with a SCM and periareolar pexy (PAP) after Benelli. This was performed in 13 cases (24%). UA liposuction was used for additional shaping in 12/13 cases. Grad III gynaecomastia was treated with classical breast reduction resulting with inverted t-scars in 1 patient (2%). The mean duration of operation was 113.5 min.
In Group 2 from April 2010 to March 2014, a total of 67 patients were included. As a result of good clinical practice and evaluation of preliminary results of previous patients we changed the internal protocol of gynaecomastia treatment with avoidance of PAP and using the inferior pedicled breast reduction after Kornstein without a vertical scar. Grades I, IIa and IIb received a subcutaneous mastectomy with or without UAL from now on. This included single UAL for breast reduction in 6 cases (9%) of pseudogynaecomastia or corrective secondary surgery. Desiring a scar sparing approach gynaecomastias of grad IIb with moderate skin excess underwent SCM with UAL as with the lower grades. Thus, an increasing number of these procedures were performed on . Grade IIa has a visible plus of volume without skin excess and thus may be complemented with or without ultrasound-assisted liposuction (UAL). This is typical for Grade IIb with an almost female aspect and an enlarged areola needing the combination of SCM and UAL routinely. Grade III is defined by excessive skin, soft tissue and ptosis and should be treated with an inferior pedicled or free grafted NAC and single inferior scar approach (iScar) in the submammary fold.
35 patients (52%). Single SCM were done in 16 cases (24%). PAP was performed on 4 patients (6%) whereas one was a secondary surgery. 6 patients (9%) with IIIrd degree gynaecomastia received an inferior pedicled breast reduction (iPed/ iScar) prior to our changing of this approach. In this cohort the mean duration of operation was 106.7 min.
Group III included 43 patients operated from 04/2014 to 03/2018. However, gynaecomastias of Ist and IIa degree underwent a classic SCM (n = 22/51%). Complementary 3 (7%) pseudogynaecomastias were treated with UAL. The population with IIa and IIb degree gynaecomastia with more or less skin excess was treated with SCM and UAL (n = 9/ 21%) while only 2 (5%) patients underwent a PAP. Third degree gynaecomastias were found in 7 (16%) cases and were consequently operated by the previous described technique leaving a horizontal scar on the level of the submammary fold. During this period the mean operation time was 128.7 min. The results are summarised in Table 1 .
The majority of gynaecomastia was graded IIa after Simon. In this group the standard of SCM leads to reasonable results. Due to the development of ultrasound-assisted liposuction the rate of PAP could be reduced from 24 to 5%. The treatment of third degree gynaecomastias changed completely from inverted t-scars to single horizontal scars preserving aesthetical unions at the male chest wall.
To avoid seromas a compression dressing or garment for 6 weeks was recommended for all patients.
Major complications needing an operative revision were observed in 2% (n = 3) due to bleedings. All other complications (n = 5/3%) were treated conservatively and included partial malperfusion of the NAC (n = 2), soft tissue infection (n = 2) and one iatrogenic burn at the abdominal wall during the operation. No significant change of the complication rate could be found for the observed period. Secondary surgery was indicated in 6% (n = 10). One verified recurrence of glandular tissue led to a second SCM. The histological finding of the first treatment showed a florid gland whereas this changed to a fibrotic gland after the second intervention. As mentioned earlier, one patient asked for a NAC pexy and skin tightening, which lead to a PAP. The other 8 cases of secondary surgery were mainly corrective liposuctions of asymmetries or aesthetically unpleasant irregularities. An open approach was used in 3/8 cases to address focal volume disturbances. The incidence of incidental breast cancer was 0%.
Discussion
It is a standard of care in the field of plastic surgery to use scar sparing and effective methods. This applies without exception for mastectomy and breast reduction in male patients. If gynaecomastia is resistant to medication and persists for more than 6-12 months a surgical correction should be considered. As historical records show Paulus Aegineta already performed a male breast reduction through a semilunar incision in the seventh century [22] . Numerous techniques to restore the male chest wall have been described in the past. The main differences exist in the course of the incision and additive modalities like liposuction resulting in different positioning and length of the scars.
As standardised method the subcutaneous mastectomy is well accepted for 1st and 2a degree gynaecomastias. The incision can be placed around the areola margin or horizontal through the mammillary. To preserve the aesthetic unit of the nipple-areola complex (NAC) and avoid potential paraesthesias, we use semilunar incisions in the lower margin of the areola only. Sufficient treatment of 2b graded gynaecomastias may be challenging with respect to a scar sparing and effective approach. As Inocenti et al.
showed, the technique of mastectomy should alter depending on the gynaecomastia grading as well as in different body types with satisfying results in the short and long term evaluation [23] . In line with our approach in the first cohort a circumareolar incision in 17% was used, as we did it in 24%. After internal reviewing of the resulting scars and potential complications with partial or full NAC loss we decided to change the internal protocol and adopted the SCM with UAL to gynaecomastias with moderate skin excess. This may temporarily lead to persisting skin excess directly postoperative but will diminish after 6-12 weeks ( Fig. 3) . At that time we informed patients about these distinct circumstances and that secondary surgery could be performed if required. Since only 6% of the patients underwent secondary surgery of which only one patient received a skin reduction, the procedure was implemented as standard treatment of 2b gynaecomastias.
With the development of liposuction different modalities showed good results using water assisted, laser assisted or ultrasound-assisted liposuction (UAL) [24] . We recommend using UAL because it releases the density of fibroconnective tissue and thus may remove residual parenchymal tissue and fat after mastectomy [25] . Furthermore, the alteration of the subdermal layer with ultrasound will lead to a sufficient postoperative skin retraction [26] . In support of this, Bailey et al. changed their approach as well when using mainly UAL combined with a pull through technique of the residual tissue with success even with higher amounts of skin excess [27] . In contrast to our study histological examination was not done in those cases.
Technical considerations as liposuction only or liposculpture through axillary, minimal invasive approaches as demonstrated by Lee et al. [28] has the weakness of minor control on re-movement of glandular tissue and missing specimens for histological evaluation. Even though breast cancer is rarely found with an incidence of 1% as stated in 2006 by Fentiman et al., it has to be excluded in every case of untypical tissue growth [10, 29] . Therefore, we recommend single liposuction for pseudogynaecomastias, only.
High-grade gynaecomastia, massive weight loss patients and transsexual patients have different requirements achieve the desired appearance compared to female patients demanding breast reduction. Thus, a different technique should be used for male breast reduction in high-grade gynaecomastias and massive weight loss patients. Numerous techniques, formulas and approaches have been published for reduction mastopexy in female patients [30] . Inverted t-scars should be avoided due to the prominent resulting scars and different demands of volume and shape (Fig. 7) . Kornstein et al. introduced a technique using an inferior broad but thin de-epithelialised pedicle bearing the NAC and preserving a vital and homogenous base for the superior skin flap [18] . Other approaches are applicable such as the lateral chest lift Fig. 4 Secondary 3rd degree gynaecomastia due to adjuvant anti-hormone treatment for prostate cancer, preoperative aspects. a, b Intraoperative situation while breast reduction with an inferior NAC bearing pedicle. c Preoperative markings defining of the amount of skin excess and additional fat pads in the axillary folds that were addressed with UAL. d Situation after deepithelialisation and resection of excessive tissue with a thin inferior pedicle held in the forceps. A drain has already been placed. e Simulation of the placement of the pedicle at the chest wall. f The pedicle has been fixed by four resorbable sutures to the chest wall. Postoperative results after 4 weeks with restored masculine breast shape and good wound healing (g, h) or boomerang pattern reduction [31, 32] . In our routine we prefer to place the resulting scars following inferior pedicled breast reduction in the submammary fold and this is well accepted by the patients (Fig. 6 ). This method has already been proven to be satisfying for patients in a recent study of Thiénot et al. using this technique as posteroinferior pedicle with small modification to the original procedure [33] . However, the inferior pedicle might be limited to high-grade gynaecomastias and massive weight loss patients with an infra mammary-to-nipple distance up to 10 cm. Larger skin excess might lead to compromised perfusion of the NAC and an unpleasant redundant volume of the pedicle. In these cases an amputation with a free NAC graft is recommended [34] . This was not necessary for our patients.
As with every invasive technique, the operative treatment of gynaecomastia bears the chance of major and minor complications. In the literature a broad range from 3 to 28% can be found with predominating hematomas and seromas [20] . Our results showed that effective and safe techniques have been employed resulting in a total of 5% of complications of which only 2% required a revision in cases of postoperative bleedings and have been classified as major complications. The increased occurrence of bleedings might be due to the higher number of subcutaneous mastectomies in the third period, which carries a higher risk of invisible bleedings due to the minimal invasive approach. Unfavourable soft tissues complications like NAC necrosis and superficial infections could be ruled out by avoiding circumareolar approaches. Although the resultant scarring might be very bothering for the patients, these complications were classified as minor complications due to conservative treatment options. Taking into account that 6% asked for corrective secondary surgery, a maximum of 11% may be considered as complications. However, this is in line with recent research [20, 23, 35] . One validated recurrence led to a second SCM 1 year postoperative after resection of a florid gland. While SCM is not intended to be radical in an oncological manner, glandular tissue is always left behind the NAC and usually reaches the margins of the specimen. The low incidence of recurrences is due the proliferative status of the gland which is more often fibrotic as Fricke et al. showed in 555 operated male breasts [36] . Hence, a florid gynaecomastia is more likely to enable recurrent tissue growth.
There are a few weaknesses of this study that need to be mentioned. First, the retrospective design without an ongoing prospective control may lack evidence for superiorities of one technique over another. Nevertheless, as mentioned before, we have a permanent internal review approach of the outcomes that enforced us to adopt techniques during the observed period. The small number of patients did not allow for a powerful statistical significance analysis of complications or advantages of one method. As the Statistics of the American Society of Plastic Surgeons of 2017 showed, only 8% of all aesthetic procedures Fig. 5 Intraoperative situation of a massive weight loss patient receiving a breast reduction with an inferior NAC bearing pedicle. a Preoperative markings defining the amount of skin excess and the relevant anatomical landmarks. b A thin inferior NAC bearing pedicle is held in the forceps. c Defining the NAC position 4-5 cm above the scar/submammary fold along the Mohrenheimestimated-tangential-tracking line [21] . d Wound closure of the submammary fold and preparation for the reinsertion of the NAC according to previous measurements were requested by men [1] . Hence, the study's volume is due to the low percentage of gynaecomastias regarding all patients in the field of plastic surgery. As our clinics serve the entire spectrum of plastic surgery, hand surgery and burn care the presented caseload is representative.
Due to the study design we only had a very short time of follow up as the data were taken from the routine documentation of the clinical system and patient charts. Although the treatment of gynaecomastia is usually covered by the national health insurance in Germany, long term controls are not implemented in the local health care system. Therefore, a quality of life assessment could not be included in this study. However, the recent evaluation of Kasielska-Trojan et al. showed significant improvement in all quality Fig. 6 Massive weight loss patient with high degree of sin excess, comparable with 3rd degree gynaecomastia (a, b). Postoperative results 3 months after breast reduction with inferior pedicled NAC shows moderate scarring and satisfying shaping of the chest (c, d) Fig. 7 Examples of unpleasant results using a periareolar pexy (PAP) on the left or an inverted tscar approach on the right for gynaecomastia treatment in the first and second periods. Scars tend to widen due to the applied tension during PAP or provoke a distortion of the NAC due to the unnecessary vertical scar of life aspects in each of her 50 patients [37] . This supports our goal to offer effective treatments with minimal aesthetic impairment through scars.
Conclusion
Following the goal of plastic surgery to restore function, form and aesthetics a change of techniques an adoption of techniques that reduce scars and secondary surgery with improved aesthetic appearance was implemented in our daily routine in the last two decades. Breast surgery of male patients demands distinct considerations to use standardised, scar sparing and effective methods that clearly differ from approaches for women. We recommend a stage adopted technique avoiding extensive and aesthetically unpleasant scars. Gynaecomastias of grade 1 to 2b are the domain of subcutaneous mastectomy combined with ultrasound-assisted liposuction. Higher degrees should be treated with a single horizontal scar in the submammary fold using an inferior pedicle or free nipple graft (Fig. 1 ).
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